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NOTICES

when Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
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furnished, or in any way supplied the sald drawings, specifica-
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f Export license,
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M. D. J, Bro 1, with Nr. R, E. Davies as project leader for
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crec . The statistical analyses vere made by Messrs, W. P.
Goenfert and J. H. Clouse, 3Significant advisory and technical
aaaigtagce ‘;rgrte1 supplied by Messrs. J. G. Kaufman, G. W. Stickley
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as 8 Technical Report.

This technical report has been reviewed and 1is approved,

-

: /) /M‘/*-'/A- ‘ :'
/( /;/(.\/ A’
D. A. SHINN
Chief, Materials Information Branch

Materials Applicetions Division
AF Materlals Laboratory

P

C A e ey g i e - o - gharn
hali s 2t ST, LTSN L



ABSTRACT

The tensile, compressive, shear, bearing, fracture-
toughness and axial-stress fatigue properties and resistance to
stress-corrosion cracking have been determined for & total of
143 lots of commercially produced 2014, 2024, 6061, 7075, 7079
and Il 8 extrusions in stress-relleved stretched tempers
(TX51X), and in thicknesses from 0,050 to 6.500 in.

Tests of 3! lots in the "heat-treated-by-user"
tompers were also made,

Ratios of tensile, compressive, shear and bearing
pPropesides to corresponding longlitudinal tensile properties
were computed, Some variations in ratios occur with respecc to
alloy, temper, thickness, and direction.

Groups of ratlos for sach alloy in the TX51X tempers
were analyzed statistically and minimum-average values were
determined. Tables of design mechanical properties were
prepared.

Typical and minimum stress-strain and compressive
tangent-modulus curves were prepared.

Average values of plane-strain stress-intensity
factor, KIc’ at 5 per cent secant off'set were determined,

log-mean fetigue-life values were calculated,

Stress-corroslon tests evaluated performance for the
alloy and temper combinations tested.

This document 1s subject to special export controls and each
transmittal to foreign governments or foreign nationals may be
made only with prior approval of the Alr Force Materials
laboratory (MAAM), Wright-Patterson Air Force Base, Chlo 45433,
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SECTION I
INTRODUCTION

The desirability of atretch heat-treated aluminum
alloy products, not only for straighte , but also to reduce
reslidual stresses and warpage during subsequent machining
operations, has been recognlzed in recent years by the establish-
ment of the TX51-type tempers, It 1s reallzed, however, that
this stretching may have a significant effect on some of the
mechanical properties, particularly a reduction of the
compressive yleld stress in the longitudinal direction. The
mechanical properties of stress-relleved stretched plate were
evaluated in a previous ilnvestigation (1).

The data from tests made under this investigation
were obtained to establish derctign mechanical properties for use
in MIO~HDBK-5(2), including stress-strain and tangent-modulus
curves, for 2014, 2024, 6061, 7075, 7079 and 7178 alumlinum
alloy extrusions in the TX51X tempers. For comparison, similar
tests have been made of a few extrusions of each alloy in
"heat-treated-by-user" tempers,

It 1s recognized that the fracture-toughness, fatigue
properties and resistance to stress-corroslon cracking are
among the most 1lmportant properties contributing to the success
or fallure of specific alrcraft structures, These propertles
have been evaluated in previous investigations of stress-
relieved stretched plate (3, 4) and as part of this investiga-
tion they have been evaluated for a selected number of
extrusions,




SECTION IT
MATERIAL

The samples of extrusions tested were obtained from
lots produced on regular orders for customers between May 1966
and July 1967. No two lots of any one alloy and temper were
from the same production run. However, the samples of 2024-
T851X were from the corresponding lots of 2024-T351X and most
of the 7075-T73510 samples were from corresponding lots of
7075-T6510 samples.

The samples of extrusions were obtailned from two
producers. About 70 per cent of the total number of samples
tested were obtalned from one producer.

H The number of samples ordered from the two producers
was 176 in the TX51X tempers and 34 in the O temper., The test
program was based upon the expectation that about 2/3 of this
total number could be obtained, The number of samples recelved
was 143 in the TX51X temper ana 23 in the O temper. Because of

: inevitable fluctuations in customer orders, the desired number

! o' samples could not De obtained for alloys such as 2Cl4 and

i 7079, whereas for 6061-T6510, all samples ordered were obtained.

! The thicknesses ranged from 0.050 to £.500 in.
Lengths were 5 to 8 feet except those of the 2024-0 and 7075-0
which were 12 to 16 feet 1n length. The latter samples were

i cut in half for heat-treatment to the 'heat-treated-by-user"

- tempers, T42 and T62 tempers for 2024 and TH2 and T73 tempers
for 7075. The temper designation, T73, 1s not strictly correct
for 'heat-treated-by-user', but a sultable number has not yet
been assigned.

The 23 samples 1n the O temper were heal treated to
the "heat-treated-by-user' tempers in accordance with MIL-H-
6038D. The five samples of 2024-0 and six samples of 7075-0
were tested in two 'heat-treated-by-user" tempers, so that the
p : total number of samples tested in those tempers was 34,

Cross-sections of all the samples tested showing the
general locatlons of the test specimens are shown in Figs. 1
through 9.
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SECTION III
PROCEDURE

A, Mechanlcal Properties

A.1, Tenslle, Compressive, Shear and Bearing

All tensile, compressive, shear and bearing tests
ver-: made using the smallest sultable range of an Amsler
20,000-1b (type 1054BUAS8), an Olsen Electomatic 30,000-1b, or
a Southwark-Tate-Emery 50,000-1b Universal Testing Machilne.
Each of these machlnes was caiibrated prior to and during the
1ife of this contract, The accuracy was always within that
required by ASTM(5) and applicable Federal specifications.

Single tesis were mnde except In a few instances
where g review ol' the resulic lidlicaieu tuai check tests were
needed,

#4ll tenslle tesLs were made 1n accordance witn ASTM
Methods k8(6)., The size and type of the ténsile specimens are
as shown in Fig. 10. longltudinal ard long-transverse speclimens
were taken from the following loca'.ions:

Iocuation of Axis of Specimen with Respect
to Thickness (T) and Width (W)
of Predominant Section

Thickness, Thickness width
in. o 21.500 in, >1.500 in.
< 0.500 W --- -
0.500 to 1.500 incl. 172, D/ W/2, D*/2 W/l
»1.500 T/4, D*/4 - W/u, D*/4

# For round sections: D=diameter.

Also, for section thlcknessess 0.500 and widths »1.500 in,,
longitudinal and long-transverse specimens were taken at the
T/2, W/2 locetion. For round sections>» 1.500 in. in diam,
specimens were also taken at the D/2 location. For sections
$2.0C0 in. in thickness, short-transverse speclmens were taken
from the T/2, W/2 location.

Whenever possible, the tenslile speclmens from
extrusions 0,499 in, or less in thickness were full-thickness
sheet-type specimens. The speclimens from thicker shapes were
1/2 in, in diam, except where it was necessary to uss subsize
round specimens.
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All compressive tests were made in accordance with
ASTM Methods E9(7) and were made using a subpress (Fig. 3 of
ASTM Methods E9). The sgecimens from shapes less than 0.500 in,
in thickness were full-thickness specimens of the type shown in
Fig. 11. These specimens were laterally supﬁgrted by a
Montgomery-Templin Fixture (Fig. 4a of ASTM Methods ‘91. The
specimens from thicker shapes were cylindrical (Fig. 11). The
compressive specimens were taken from the same locations as the
tensile specimens,

Tensile and compressive yield stresses of each sample
of extrusion were determined from load-strain dlagrams obtained
autographicalliy.

Tests to determine the shear ultimate stress were made
using specimens shown in Filg. 11. Whenever pcssible, these
specimens were tsken from the same locations as the tensile
specimens, except that tests of short-transverse specimens were
mede only on shapes 3 in., or more, in thickness. The tests
were made with an Amsler double-shear tool 1n which the center
1-in. length was sheared from the 3-in. long specimen, the end
thirds belng supported throughout the length. In tests of
longitudinal and long-transverse speclmens, the loads vere
applied in the direction normsl to the major surface of the
shape from which the specimens were taken; in tests of short-
transverse specimens the loads were applied in the direction of
extrusion, parallel to the major surtace of the shape(8).

Bearing tests were made in accordance with ASTM Method
E238(9) using longitudinal and, where possible, long-transverse
speclimens, g% the types shown in Fig. 12, Flatwise and edgewise
specimens were tested from shapes of sultable size. Edgewlse
specimens from shapes less than 1-1/2 in. 1n thickness, however,
were 1 in. wide (Type A, Fig. 12), The bearing ultimate
stresses and yield stresses were determined at edge distances
of 1.5 and 2,0 times the pin dlameter. The yleld stress was
determined as the stress at a permanent deformation of 2 per
cent of the pin diameter, as indicated on autographic load-
deformation diagrams. Before making these tests, the test
fixtures and specimens were cleaned ultrasonically in & sultable
nontoxic solvent,

Certain samples were chosen for tensile and compress-
ive stress-strain and modulus tests, fatigue and fracture-
toughness tests., Samples from which bolh liongitudinal and
long-transverse specimens could be obtalned were selected for
these tests. In a8 few instances, however, the geonsatry of the
shapes in certain thickness ranges permitted only longltudinal
tests,

The tensile and compressive specimens used for modulus
and stress-strain tests are shown in Figs. 13 and 14, re-
spectively. Ia all modulus tests of longltudinel tensile
specimens, and a few long-transverse specimens, strains wvere
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measured over a 6-in, gage length with an Amsler-Mrtens mirror-
type extensometer (ASTM Class A). In most of the tests of long-
transverse tenslle specimens 1t was necessary to use smaller
specimens and measure strains over a 4 or 2-in, gege length
with the Amsler-Martens mirror-type extensometer (ﬁgTM'C ass
B-1) or a 1-in. gage length with the Tuckerman optical strain
gage (ASTM Class A), In tests to determine modulus where
strains were measured over a 6 or 4-in, gage lergth, the
speclmens were strescsed up to about the proportionsl limit;
then, after remo al of the lcad and starting again at zero
streas and strain, strains were measured with the same instru-
ment over a 2-1n., gage length to determine the stress-strain
curve to the yiela stress. In tests to determine modulus and
stress-strain curves where strains were measured over a 2 or
1-in, gage length, tests were contlnued without interruption
beyond the proportional limit to obtain the yield stress. In
some tests of each alloy and temper, strains were measured
beyond the yleld stress to the ultimate stress with & 2-1in,
dilal gage (each division = 0.001 in.) or scale and dividers to
obtaln full-range tensile crro _c-sirely, curves, In asll
comprzsslve modulus and stress-strain tests, the Tuckerman
optical straln gage was used over a 2 or l-in. gage length
(ASTM Class A), PFor determiration of each modulus value, the
data were examined by the strain-deviatlon procedure in ASTM
Method E111(10). Based on the various tests, representative
typical and minimum stress-strain and compressive tangent-
modulus curves were developed 1n accordance with the procedures
as outlined in Sections 3.2.3, 3.2.5 and 3.2.6 of Technical
Report AFML-TR-66-386(11).

A.2., Fracture Toughness

Fracture-toughness tests were made 1n accordance with
the methods described in ASTM STP 411(12) on fatigue-cracked
single-edge notched tensile specimens from the longitudinal and
long-transverse directions. The types of specimens are shown
in Fig. 15; the proportions of these specimens are the same as
those of specimens used by NASA, lewls Research Center. The
fracture parameters were calculated {rom relationships developed
from the NASA callbration.

Fatigue cracking of the fracture toughness specimens
was accomplished by axial-stress or flexural loading at maximum
stresses equal to or less than twenty per cent of the tensile
yleld stress of the material. In some cases, & small number of
cycles at higher stresses were used to initlate the fatigue
crack, but most of the crack growth was developed at stresses
within the above limitation. The fatigue cracks were extended
at least 0.050 in., and usually much more, so that the total
slot-plus-fatigue-crack length was between 1/3 and 1/2 the
specimen width, and always equal to or greater than the
specimen thickness.
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After fatigue cracking, the specimens were loaded
staticallg in a 30,000~1b Qlssn screw-powered testing machine
or, for the larger specimens, a 300,000-1b Amsler nydraulic
test machine. Autographlic load-deformation curves were
plotted with a Mosley X-Y plotter, plotting lcad from & load-
cell or the veighing system of the machine versus the output
from SR-4 electrical-resistance straln gages mounted across the
edge orack in the specimen, as shown in Flig. 16.

Candidate values, KQG of the critical plane-strain
stress-intensity factor, Kj., were calculated using two values
of load from the autographic load-deformation curves, The
first value was calculated using the load at the initial burst
of unstable crack growth, as indicated by the initial signifi-
cant deviation from linearity in the load-deformation curve.
The second value was calculated using the load at a 5 per cent
secant offset, equlvalent to about 2 per rent of crack exten-
slon; thls was done as a result of recent recommendations of
ASTM Committee E-24(13) that the secant-off'set method be con-
sidered for establishing Kic.

Before values of can be consldered to be meaningful
values of Kj., they must meel two criteria:

i (a) the plastic zone size must be small with respect
to the thickness, as lndicated by the llmitation
that the thickness of the test specimen must be

equal to, or greater than 2.5 times the ratio

rys)°, and

- -

(b) any deviation from linearity in the load-

deformation curve prior to the load used for the
calculation must primarily represent crack

extension, as indicated by the limitation on the
load-deformation dlagram that the horizontal dis-
placement of the load-deformation curve (from the
initial slope) at a load 80 per cent of that at

: the 5 per cent secant-offset intercept shsll not

! be more than 1/4 of the displacement at the 5 per

cent secant-offset intercept (14).

; The straightness of the fatigue-creck front was also
‘ used in establis whether or not the values of were
meaningful values of Kj.. Those values from specimens in which
the fatigue-crack-frong curvature (measured by the distance
from the most advanced point to the tralling point on the crack
front ) exceeded 20 per cent of the specimen thickness were not
considered meaningful,




A.3, Axial-Stress Fatigue

Axlal-stress fatigue tests were made using three
longitudinal and three long-transverse specimens of the type
shown in Fig. 17 from each of the selected samples. They were
tested at three stress levels (R=0.0) in Krouse fatigue
machines operating at 800, 1500 or 1725 rpam,

B, Stress-Corrosion Cracking

Two types of test specimens were employed; 0.125-in
diameter tensile specimens taken in both the longitudinal anc
long-transverse directions and 0.750-inch diameter short-
transverse C-rings, The specimens were generally taken on
center line (T/2) and at mid-point in the width (W/2) of the
predominant section of the extruded shape,

The tensile specimens were stressed in ‘‘constant-
strain" type fixtures (Fig. 18) to 75 per cent of the tensile
yleld stress by means of the loading device shown in Fig. 19(15).
buring exposure the fixtures were protected by a cellulose
acetate coating so t t only the test speclmens were exposed,

The C-ring specimens (Fig. 20) were used to test the
short-transverse directlion of all samples that were 0,750 inches
or more in thickness, Stresses equivalent to 75 per cent of the
actual short-transverse tenslle yield stress were employed; the
stress was controlled by tightening the bolt and measuring the
resultant deflection by the procedure described in Method 2-A
given in the report of Task Group I on Stress Corrosion Testing
Methods (16).

The two types of stressed specimens were exposed to
the alternate immersion test which employs a 3.5 per cent (by
welght) NaCl solution made with salt of 99.7 per cent purity.
New Kensington tap water, wnich is essentially free of heavy
metals, was used due to the large volume of water requlred.
Water loss due tc¢ evaporation was compensated by the additions
of tap water, and the salt concentratlon was regularly checked
and adjusted as necessary. The solution was changed monthly
and at each change the specimens were rinsed with fresh tap
water.,

The alternate immersion cycle included total immer-
sion of specimens for 10 minutes and aeration above the sclution
for 50 minutes. This l-hour cycle was continued 24 hours a day
for the entire test perlod. The test equipment, shown in Fig.
21, conslsts of large stationary painted aluminum alloy tanks,
with the specimens supported on an open aluminum 8110{ (6061-16)
framework that 1s reised and lowered to provide the alternate
immersion cycle.
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The alternats immersion test was conducted at ambient
temperature and humidity, Measurements have shown the air
temferature to vary considerably, while that of the solution
varied only slightly., Msasurements have also shown that the
tenmpereture of the teat specimens themselves will remain within
2 to 3 degrees of the solution temperature throughout the
drwing oycle. For the contract period the range of ambient
conditions can be broadly grouped into two categories: warm
months when little or no room heating was used versus cold
months when room heaters operated more or less continuously.
Typical ranges are:

May to September: air temperature . . 68 to 20“ F
solution temperature . , 64 to 72° F
relative humidity . . 35 to T0%

(approximate mean 40 to 55%

October to April: air temperature . . 62 to 78° F
solution temperature . . 58 to 68° F
relative humidity . . 25 to 60%
(approximate mean 40 to 55%)

All specimens that failed during exposure were in-
spected, and representative fallures were examined microscopic-
ally to verify the cause of the fallure. In addition, the
tensile specimens that did not fa'?l durlng exposure werse
tension tested to determine the change in ultimate tensile
stress due to corrosion.

The samples evaluated in this 1nvestigation included
alloy-temper combinations developed to provide virtual immunity
to stress-corrosion cracking, as well as alloy-temper combina-
tions which have been shown to be susceptlible to stress-corrosion
cracking. It was realized that any cracking that might occur in
the more resistant items could be very fine and not readlly
detectable by visual means, and could result in a degree of
relaxation of applied stress, thereby preventing “urther crack-
ing. Therefore, C-ring specimens from these resistant materials
were examined metallographically upon completion of the 84-day
exposure period,




SECTION IV
RESULTS OF TESTS

Tables of the results of the individual tensile,
compressive, shear and bearing tests, the ratios among some of
those results, statistical analyses of vhe ratios among certain
properties and computed design values are arranged as shown in
the List of Tables. OStress-strain and compressive tangent-
modulus curves are shown in Flgs. 22 through 64,

The results of fracture-tougzl.ness tescs are shown in
Tables LXIV and LXV. 'The results of the axlal-stress fatigue
tests are shown 1n Tables LXVI and plotted in Figs. ©5 through
71.

The results of' the siress-corrosion tests are shown
in Tables LXVII and LXVIII.
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SECTION V
DISCUSSION OF RESULTS
A, Mochanical Propertles
A,l. Tensile, Compressive, Shear and Bearing
The results of the tensile, compressive, shear and
bearing tests of the individual samples are summarized in
Tables II through X. The tensile properties (1o€ﬁ1tudinal,

specification location) of each sample exceeded the specifled
minimum values shown in Table XI.

The ratios among the tensile, compressive and shear
properties of the individual samples ars shown in Tables XII
through XX and the ratios of bearing properties to the tensile
properties are shown in Tables XXI through XXIX. The most
distinct differences between the ratics for the stretched and
"heat-treated-by-user" extrusions are in the longitudinal
compressive yleld-tensile yield ratios and some of the bearing
yield-tensile yield ratios. The largest differences are in
those)of the solution heat-treated tempers of 2024 (T42 vs
™51X).

For the purpose of making the statistical analysis
of the TX51X tempers of each alloy, ratios of the properties
at the sgecification location in the cross section were used;
for the long-transverse direction, the ratios of the long-
transverse properties at the center of the cross section (1/2,
H/2?8to the longitudinal tensile properties at the specification
location were used. The statistical analyses were made using
the procedures as outlined in MIL~HDBK-5 Quidelines for
Presentation of Data(ll).

A ﬁ;gﬁession analysis of each group of ratios was
made to dete e 1f a significant correlation existed with
section thickness. Where a sl icant correlation with the
thickness existed, values of minimum average ratios (R) were
selected which correspond with the lower 1 t of the confidence
band around the regression line at the mean of each respective
thickness range. ere no correlation existed, a single
minimum value of R was selected for all thicknesses., These
values of minimum R were used for determining derived design
values for their respective thickness ranges.

The distribution of the ratios, and the values for
the different terms in the statistical analysis, are shown in
Tables XXX through XXXVII. The results of the statistical
analyses indicate that, with the exception of those for 2024-
T351X, there 1s no correlation of ratios involving the

10




lg:gitudinal compressive yield stresses with thicknesa.
Simllarly, most of the ratios for 2024-T851X and 7079-T6510
indicate no correlation with thickness; for the latter,
however, only samples 1n the smaller thickness ranges were
tested, Otherwise, there 1s generally a decrease 1ln most of
the ratios with an increase in thickness for the remaining
alloys and tempers.

3ince shear and bearing tests were made using both
longitudinal and long-transverse specimens, Student's 't"-test
was applied for each alloy to the ratios for each test direction
to determine if there was a significant dif'ference between
average ratios for the two directions. Where none was found,
the ratios for the two directions were combined for computation
of the minimum ratioc values to be used; where there was a
significant difference, generally, the more conservative values
of the two were used. No differences with directlion were

found in shear ratios for 2014-T6510, 2024-T351X, 606).-T6510

and 7079-T6510 and all bearing ratios except the bearing yield
ratios of 2024-T351X (e/D=2.0) and 6061-T6510 (e/D=l.5).

The values of ratlcs used in computing derived design
values from the specified longituainal tensile properties of
the respective thicknesas ranges of each alloy are summarized in
Tables XXXVIII through XLV. The corresponding computed design
z;%ges for each alloy are summarized in Tables XLVI through

In preparing the design tables, the values for the
longitudinal tensile propertles in Federal Specifilcations, as
shown in Table XI, were used as basis-property "A" or "S"
values, These values, and the corresponding "B'" values, are
the same as shown in MIL-HDBK-5, as revised November 1967. By
applying the minimum ratios in Tables XXXVIII through XLV to
the basis-property values, the corresponding design values were
computed (11).  Sufficient supporting production data for
6061-T651X extrusions were avallable to establish basis-
property "B" values, These values and the derived values are
shown in Table XLIX. No changes have been made in any minimum
elongation values prasently shown in MIL~HDBK-5.

In the tables of computed design properties almost
all of the derived values have been changed from what 1is
presently shown in MIL-HDBK-5. The differences between the
computed values and those now in MIL-HDBK-5 are shown in
parentheses in Tables XLVI through LIII. The lower values for
most of the shear stresses may be explained partly by the fact
that the loads in the shear tests, in this investigation, were
applied normal to the major surface of the extrusions, whereas
in previous tests the losding direction was not controlled.
All but seven of the bearing design values changed, about

AT B Sy N AR e

-V

P I

S RN S AU ALINSNSE 0 P00 e o < Y




E i Vel 'y

three-fourths of the changes being increases. These probably
result principally from the fact that the specimens and test
fixtures vere cleaned prior to testing(9) which has a
significant effect on the results(17). The derived tensile and
conpressive values are not conaistently higher or lower than
those in MIL-HDBK-5. For some of the alloys it is noted in
NIL~HIBK-5 that for the TX51X tempers the longitudinal
compresgive values may be lower than the values shown., The
derived longitudinal compressive values for 2014-T651X and
2024-T351X are 1000 to 4000 psi lower and those for the 6061
and 7000 series alloys are 1000 psi lower to 5000 psi higher
than shown in MIL-HDBK-5. A comparison of the statistically-
derived minimum ratios from this investigatlion and the average
retios derived from present MIL-~HDBK-5 values for the TX51X
tempers can be made from Table LIV through LIX. Also shown in
these tables are the corresponding values for extrusions in the
"heat-treated-by-user" tempers.

Ratlios of the longitudinal and long-transverse
properties at the center (%?2,W/2) location the cross
sections of the extrusions to the corresponding properties at
the midwa%x(T/Q,wyu or T/4,W/4) location are shown in Table LX
for the 51X and "heat-treated-by-user' tempers. The ratios
are generally about the same regardless of alloy, temper,
thickness, property or direction of specimen. Generally, the
ratios indicate that the properties at the center location for
each alloy and temper average from about the same to 3> per cent
lower than the corresponding properties at the midway location.

Ratios of bearing properties cbtained in tests of
edgevise specimens to those obtained with flatwise speclmens
for sections equal to or greater than 1 1in, in thickness are
shown in Table 1XI. Generally, the ratios for most of the
alloys and tempers are about the same. The ratios of bearing
ultimate stresses, edgewise to flatwise, average 0.96 and 0.97,
respectively, for e/Dml.5 and 2.0; for bearing yleld stresses
the corresponding ratios average, respectively, 0.97 and 0,98,
However, for bear ultimate stresses of 7%%5-T6510, e/D=l.5,
the ratios average 0.93 and those for 7178-176510 and -T62,
e/D=l.5 and 2,0, the ratios average 0.88 and 0.94,respectively.

The results of the tensile and compressive stress-
strain tests are summarized in Table LXII and the average
modulus values are shown in Table LXIII,

In the results of the modulus tests, there are no
consistent differences in the values for the TX51X and "heat-
treated-by-user" tempers. There are, however, noticeable
differences between some of the longitudinal and long-transverse
values. For the 2000 series alloys the long-transverse tenslle
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values average about 200,000 psl lower and the long-transverse
compressive values average about 60,000 psi higher than the
corresponding longitudinal values, For the 7000 series, the
longitudinal and long-transverse tensile values average ahout
the same; the long-transverse compressive values average
200,000 psl higher than the longitudinsl values, For %061
there are inconsistent differences in the two directions; for
relatively thin sections both the long-transverse values
average about 200,000 (tenslile) and 480,C00 psil (compressive)
higher than the corresponding longitudinal values; for the
relatively thick sectlons the long-transverse tensile values are

about 200,000 psi lower than the longitudinal values and in
compression they are the same.

There were no significant differences in modulus
values associated with thickness for the 2000 and 7000 series,
however, there were definite differences between the modulus
values of the relatively thin (0.075 to 0.375 in.) and
relatively thick (3.00¢ to 6.900 in,) 6061 extruslons. The
modulus values of the thick sectlons average about 600,000 psi
higher than the thin sections. These dlfferences probably
result from the lact that the thnin sectlons are largely re-

crystallized, whereas the thick exiruslons are largely unre-
crystallized.,

The tensile and compressive modulus values selected
for the various alloys are:

Alloy or Modulus, psi

Serles Thickness, in. Tensile Compressive
2000 All 10,800,000 11,000,000
6061 = 0.499 9,700,000 9,900,000
6061 = 3.000 10,300,000 10,600,000
7000 Al 10,400,000 10,700,000

Tne values for the 2000 and 7000 series are generally
higher than those now shown in MIL-HDBK-5 and in the same range
as tnose obtalned in & previous contract on stress-relieved
stretched plate(l). The above modulus values are shown in
Tables XLVI and LIII and were used 1ln preparation of the stress-
straln and tangent-modulus curves. The values shown in Table
XLIX ror €061, 0.500 to 2.999 in., are those presently shown

in MII-HDBK-5, November 1967; for the typlcel stress-strain and
tangent-modulus curves of 650cl-T62 (ell thigknesses) averages

of the values shown abeve (10.0 and 10.2x100 psi) were used.
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The tensile and compressive stress-strain and the
compressive tangent-modulus curves are shown in Figs, 22
through 64. For a given alloy, temper, type of test and
direction, the offsets from the modulus line in the individual
stress-strain tests indicated no significant differences with
thickness except for those of 6061-T6510, For 6061-T651X,
curves for two thickness ranges were prepared as shown in Figs,
37 through 42. For the minimum stress-strain curves, the
tensile and compressive yield stresses used are those shown for
the appropriate thickness ranges in Tables XLVI to LIII. For
the ty; lcal longitudinal tenslle stress-strain curves, the
values are those indicated in Alcoa's production in recent years
and it is assumed that the value for the industry would be
about the same, The typlcal long-transverse ultimate tensile
atress and the other yleld stresses were based on the derived
average ratiss obtained in the statistical analyses, All
curves were derived and presented in accordance with the
procedurses cutlined in MIL-HDBK-5 Guidelines for Presentation
of Data (11).

A.2, PFracture Toughness

The results of the indiviauai i'racture-toughness
tests are shown in Table LXIV. 1In each case, an indication is
given in the right-hand column as to whether or not the
calculated values of are consldered to be meaningful values
of Kic based upon the criteria listed in Section 3 on Procedure;
in a very few cases, values which did not meet all of the
criteria are classifled as meaningful because they it in well
with data for other samples for which the criteris were met,
The meaningful values of KJc from Table LXIV are summarized in
Table LXV to arrive at useful average vaiues for the various
alloys and tempers. The values of " op-in" K1, are not
aveigfed, since these do not comply with the current ASTM
definition of Kro(13) but are included in the table for
information,

Representative load-deformation curves are shown in
Flg. 72; 3included are s few curves from tests in which the
deviation from linearity prior to the secant >ffsel indicated
that the calculated values of Ky were not meaningful valiues of
Kic (labeled '"not valid"). Representative fracture surfaces
are shown in Figs, 73 and 74; the former shows examples of
specimens for which the fatigue-crack fronts were judged
sufficiently straight (within 20% of thickness) and the latter
shows specimens for which the excessive fatigue-crack-front
curvature reculited in meaningiess values of KQ.

14
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The average values of 5 per cent secant Ky, from
Table LXV are summar:.zed below; only the values for QOEH-TBSII,
7075-16510, 7075-T7?3510 and 7178-T6510 are based upon tests of
more than two lots.

5 per cent Secant - Offset Ky, psiVin.
longltudlinal TLong-Transverse

2014-76510 30 100 25 400
-T62 28 600 28 000
2024-T851% 29 000 18 200
7075-T6510 28 000 23 600
-T62 -— 23 800
-T73510 34 200 26 300
7079-TH6510 30 900 29 200
-T62 3~ 800 ——
7178-16510 21 900 21 000
-T62 2% 300 22 600

Noue of the meny teats of 202%4-T351X resulted in
values which could be considered wholliy valld, principally
because of excesslive plastic Aeformation prior to cracking as
indicated by the deviatlon frui. linearity in the load-
deformation curves. However, the date suggest that the
lorgitudinal value of Kyec for t alloy and temper is in the
ra.ge of 40,000 to 50,000 psiVin,; the data for transverse
specimens arc not useful even for estimates,.

There are insufficient date for any of the alloys and
tempers to be certain of trends relative to cross-sectlon, size
or shape.

A.3, Axlal-Stress Fatigue

The results of the axial-stress fatigue tests (R=0.0)
of extrusions in the TX51X and '"heat-treated-by-user" tempers
are shown in Table LXVT and plotted in Figs, 65 through 71.
Log-mean fatigue 1ife values for the three preselected stress
levels have been calculated in the table and curves have been
drawn through these values in the figures. There are definite
differences in the fati:ue properties in the longitudinal and
long-transverse directions, those in the longitudinal direction
being higher. While both directions of speclmens from sections
0.750-1.500 in, thick were taken from the center of the cross
sectior, une longitudinal and long-transverse specimens from
thicker sections were taken from the midway (T/4) and the
center (TVQ) locations, respectively. It 1s doubtful, however,
that the difference in location is as significant as that 1n

action,
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The following general observations have been made
concerning the log-mean fatigue lives of the various alloys and

tempers :

a) 2014-T6510 and 2024-TB51X - slightly lower than 2024-T351X
b 7078-%%3510 - 8lightly lower than 7075-T6510
¢) T178-T6510 and 7075-T6510 - about the same.

However, the differences in log-mean fatigue lives may not be

significant because of the small number of tests made at only
three stress levels,

B, Stress-Corrosion Cracking

The results of stress-corrosion tests are listed in
Tables LXVII and 1XVIII, the former containing test results for i
the stress-relieved (TX51X) tempers and the latter results for !
samples 1in the "heat-treated-by-user" tempers.

No cracking was detected vlisually or microscopically
in specimens from the stress-rellieved samples of 2024-T351X,
6061-76510 and 7C7- T,7.510 alloys, regardless of test direction.
Extrusions of 7079-1G510 were tested only in the longitudinal
and long-transverse directlons and, In these directions, alsc
demonstrated a high resistance to stress-corrosion cracking.

A high resistance to stress-corrosion cracking was
also exhibited by longitudinal specimens from the remaining
stress-relieved samples, alloys: 2014-T6510, 2024-T351X, 7075-
T6510 and 7178-1%510. However, stress-corrosion cracking was
encountered with long-transverse and short-transverse specimens
from these alloys.

In the ‘heat-treated-by-user' tempers specimens from
the tollowing samples were highly resistant to stress-corrosion
cracking: 2024-T62, 6061-1%¢ and 7075-175. Fallures were
encountered with either long-traiisverse or snort-transverse
specimens from the less resistan: materials: 2014-1b2, 2024-

2, 7075-To2 and 7178-TH2,

While the test results appear to be typlcal for the
various alloy-temper combinations, it 1s t'elt that some
clarification of the data 1s werranted, particularly with
regard to specimen orientation.

rxperience (18) with extruded sections has shown that
the behavior of test speclmens from susceptible alloy-temper
combinations will vary with specimen orientatlon as 1llustrated
in Fig. 75. longitudinal specimens will show a high order of
resistance to stress-corroslon cracking; long-transverse

16




specimens also will show a relatively high resistance, rticu-
larly in thin sections. It should be emphasized that the lonf-
transverse terminology, as used in stress-corrosion testing, 1s
based upon the shaps of the graln structure and not upon the
shape of the extrusion. Thus, 1in order for an extruded sectlon
to develop @ long and & short-transverse dirsction, the width
must be at least twice the thickness. As the width/thickness
ratio decreases, the resistance to stress-corrosion cracking in
the long-transverse direction decreases progressivel{. When
the ratlo approximates unity, the specimens are consldered
simply "transverse', ¢nd the resistance to stress-corrosion
cracking is only slighily better than that of cshort-transverse
specimens., Conversely, the relative rcsistance of' long-
transverse specimens increases as the width/thickness ratio
increases above 2/1.

The use of random samples, as was the case ln thils
contract, resulted 1n a wide range of width/thickness ratios,
Thus, in some scctlons derinite lene-trancverse ard short-
transverse structures werc not developea. ‘lhe data ars
nevertheless considercvs represcnitative off the various alloy-
temper combinations i proper ailowance is made for the graln
structures involved. his is illustrated In Fig., 76 which
compares the resistance oi' the (u7H5-1CH1C specimens with
pertormance bands previously developed by & large number of
tests of 7075-1G alloy extruded sections(18).

17
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SECTION VI
SUMMARY AND CONCLUSIONS

Based on the results of tests of commercially produced
extrusions that met the requirements for tensile properties in
applicable Federal specifications, the following conclusions
seen varranted concerning mechanical properties, including

fracture to

ess and fatigue, and resiatance to stress-

corrosion cracking of 2014, 2024, 6061, T07S, 7079 and 7178

extrusions:

1.

The most distinct difference:s between the
average ratlos among the properties of

the TX51X and "heat-treated-by-user"
tempers of extrusions are those involving
the longitudinal compressive yleld stresses
and some of the bearing yleld stresses,

T™e largest differences are in those of

the solution heat-treated tempers of 2024
(T351X vs Tu2),

Minimum-average ratios for computing the

derived minimum design mechanical proper-
ties of the TX51X extrusions are as shown
in Tables XXXVIII to XLV,

Generally, most of the ratios for £024-
T851X and 7079-T6510 and all the longitud-
inal comﬁressive yleld stress ratios,
except those of 2024-T351X, indicate no
correlation with thickness. Most of those
for the other alloys decrease with
increase in thickness,.

Ratios of tensile, compressive, shear and
bearing stresses at the center location
(T/2, W/2) in the cross sections of the
extrusions to the correspond properties
at the midway location (T/2, W/4 or T/4,
W/4) are generally about the same,
regardless of alloy, temper, thickness,
property or direction of specimen,
Generally, the ratlos indicate that these
properties at the center location for each
alloy and temper average from about the
same to 3 per cent lower than the corre-
sponding properties at the midway locatlon.

18




5.

In general, the bearing stresses obtained
using edgewlse specimens average 3 per cent
lower than those obtained us flatwise
specimens, except for the bear ultimate
stresses of 7075-T6510 (e/Th&.52 and 7178-
T6510 and -To2 (e/D=l.5 and 2,0 whicu
average 6 to 12 per cent lower,

Results of the modulus of elasticity tests
indicate the following:

a. In compression, the values average 2 to
3 per cent higher than those in tension.

b. For the 2000 series alloys, the long-
transverse values in tension and com-
pression average 2 per cent lower and
about 1 per cent higher, respectively,
thgn the corresponding longitudinal
values,

¢. For 6061 alloy, the long-transverse
values for the smaller thickness ranges
average 3 per cent higher, and those for
the larger thickness ranges average 1
per cent lower, than the corresponding
longitudinal values,

d. For the 7000 series alloys, the values
in tension are about the same regardless
of direction; the long-transverse values
in compression average about 2 per cent
higher than the longitudinal values,

Average values for modulus of elasticity are:

Alloy or ‘Thickness, __Modulus, psi
Series in. Tenalle Compressive
2000 All 10 800 000 11 00O 000

6061 =0.499 9 700 000 "9 900 000
0.500-2.999 9 900 000* 10 100 000*
53.000 10 300 000 10 600 000

7000 A1l 10 400 00C 10 700 000

* Values presently shown in MIL-HDBK-5
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8.

10.

11,

12,

Computed design mechanical properties for the
™51X rs &re as shown in Tables XLVI

thro II. Por alloys 2014-T651X, 2024-T351X
and 7 TE‘hI vhere Alcoa has a reasonable
amount of preduction data for long-transverse
tenslle st i8s, 1t appears that higher values
than those computed ‘n this report are being met.

T{pical and winimum ("A" or "S" Value) stress-
rain and compressive tungaut-moqulus curves
in Figs. 22 ‘hrough o4

Rounded averege valueu of p -surajq siress-
intensity factor, K (pal* { . per cent
secant offset, suit le for inclusion for
information in MIL-HDBK-5, are as follows:

are as shown in

Alloy and Tvmper longltudinal ILong-Tra: 'verse

2014-TH51X 30 000 25 000
2024-1851X 29 000 18 000
7075-T651X 28 000 24 000
7078—%351)( 34 QO0C 26 000
7178-T651X 22 00C 21 000

Valid values were not obttalned for 6C61-Tt51X
and 2024-T351X.

‘The results of the axisl-stress fatigue tests
(R=0.0) are plotted in Figs. 65 through 71.

For all the alloys tested, the long-transverse
fatigue properties are generally lower than the
long%tudinal fatigue properties,

The results of the stress-corrosion tests
revealed typical performance for the varicus
combinations ol alloy and temper. The data are
in good agreement with and tend to corroborate
existing data for aluminum slloy extrusions.

20
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SECTION VII
RECOMMENDATIONS

It 1s recommended that the computed design mechanical
properties 1n Tables XIVI to LIII, and the stress-strain and
compressive tangent-modulus curves in Figs. 22 to 64 be con-
3idered for use in the next revilsion of MIL-HDBK-5.

~ For some alloys such as 2014-T651X, 2024-T3%51X and
7079-1651X, where Alcoa has a reasonable amount of production
data for long-transverse tenslle properties, it appears that
higher values than those computed in this report are beiig met.
It 1s suggested that belfore adopting these tables in MIL-HDBK-5,
the producers be requested to review their production data for
the long-transverse tenslile propertles to determine the
industries' capabllity with respect to these properties for &ll
alloys and tempers,
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2014762 ANl ! ' a0 7T
S FINS 7
-T%510 Al ARV IR LAY 7 QQ-~A-200/2¢
ALl R S et 7
25 bovgdn & ax 7
;
2004-73510, ALl I e R 12
3811 AL | oo o 12 ;
ALl - 10 |
-l co . lé:
S P + i LY
2o, ‘ < > QQ-A-200/3¢
-T42 All ; W 12
o5 |- L0 10
1
-18510, 0.050-0.249 All | R 4
-78511 0.250-1.499 Al 300 5
=1.500 SR 8000 5
-762 =0.74% - -- -- -
16 ;1';{ 2 - - - . } Rone
)
N o _ !
606 L-T623 - 0.249 Al J ay ToCud 6
-16516 0.250 ALl 3 Ld Ay 0D 10 J QQ-A-200/B¢
7075-TG24 «0,249 Al TR0 70 000 7 !
-16514 8.250-g.u99 A TEBALTIE & gt 7
.500-2. ALl 1ol Te 7
3.058°é-u.?33 =20 G 11 &0 Z QQ-A-200/11¢
E.ooo-u.ug; 20, 232 | 78 00 T
.500-5.000 =12 l 73 0wl IRV o ,
-T73,0 20.249 3 [ 7 ]
~T735108 8. 1-0.499 =22 ; 7
500-1.4 =72 i
1,50-3-2.% z : - - Z B Q-A-200/11c
E.OOO-H. 39 - - - -
.500-5.000 - ’ - .- -
T7079-7628, =0.249 =20 75 000 62 000 7
-T6510 0.250-0.499 L20 i 77000  6h o 7 QQ-A-200/120
0.500-1.459 $20 I 739% 70 000 7
|
7178-162 7 0.061 =20 I & R0t %) 73 000 5
€.250-2.499 =25 ' 80 00 77 000 g
-T6510 0.062 -0, 249 <20 A € o 5 QQ-A-200/13a
0.250-1.499 25 B 2w '8 000 5
1.500-2.439 z25 l 85 000 77 000 5
t Oftget equals 0.2 per cent. .
¢ In QQ-A-200/B¢, 11c and Joc values {or TC temer oy ly &1%0 for extrusions heat treated and
aged by user (T6 :4..'.'.-.u-2'.
¢ Temper dosignation not strictly correct for “Heat Treated By User." Suitable number not
Ket. assigned.
§ Not shown in Federal Specification
¢ Plongation requirements not applicable for material thinner than 0.062 in. (naminal)
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TABLE XXXV1i.

RATIOS FOR COMPUTING DESIGN MECHANICAL, PROPERTIES
OF STRESS-RELIEVED STRETCHRD 201%-T651X EXTRUSIONS

Ratio 20.499 06.7&5 i?’5f55
Feu(LT)/Pru(L) 1.005 0.900 0.900
Fty(L&')/Fty(L) 0.930 0.869 0.869
Foy(L)/Fty(L) 0.983 0.983 0.983
Fey(LT)/Pry(L) * 0.910 0.910
Fsw/Fru(L) 0.687 0.545 0.545
Foru/Fry(L)

e/D=1.5 1.55, 1.411 1.41)

e/D=2.0 2.0-0 1.798 1.793
Fory/Fry(L)

e/D=1.5 1.403 1.265 1.205

e/D=2.0 | 1.042 1.473 1.473

o

*Insufficient data for deternining ratio
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TABLE XXXIX

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERI.ES
OF STRESS-RELIEVED STRETCHED 2024-T3510 AND -T3511 EXTRUSIONS

1 k]
e, QEO- 0.500- 6.7&0- 1.500-  3.000-
0.499 1.499

Ratio =0.249 0.749 2.999 4,499
Feu(LT)/Pey(L) 0.9% 0.927 0.900 0.854 0.785 0.766

Fty(LT)/Fy(L) 0.873 0.857 0.838 0.805 0.758 0.753

T TN TV H Y vadnt i AV T O

1

Fey(L)/Fry(L) 0.816 0.836 0.854 0.887 0.935 0.947 £

Foy(LT)/Fey(L) | 0.968  0.9%1  0.917  0.87%  0.811  0.795 %

Fsu/Fru(L) 0.51%  0.511  0.508  0.501  0.487  0.458 i

! i

Fpru/Feu(L) i

o/D=1.5 L4569  1.300 1.206  1.280 1.268 1.232 '
e/D=2.0 1.795 1.527 1.621  1.611  1.%8 1.558

Fpp- /F't,y(L)

o/D=1.5 1.441  1.251  1.24 1.239  1.221  1.196
e/D=2.0 1.686  1.520  1.51 1.503  1.477 1.443
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TABLE XI,

RATIOS FOR COMPUTING msxgn HANICAL PROFERTIES
OF STRRSS-RELIEVED STRETCHED 2024-T8510 AND -TS511 EXTRUSIONS

———7Jhickness, in,.
o.oE,o- 0.250- 1.500-
Ratio 0.28¢ 1.439 4,500
Ftu(m)/Ftu(L - 5% 0.968 0.950
Pty(LT)/Fey(L) | .89  0.989  0.439
Fey(L)/Pry(L) 1.012 1.012 1.012
Poy(LT)/Fry(L) | 1.012 1.012 1.012
Fg./Pey(L) 0.542 0.542 0.542
Forw/Feul™)
D=1. 1.46 1.452 1.390
géw.g 1.92% 1.870 1.'3(29
For ¢/Fey(L)
e/D=l.5 1.407 1.407 1.407
e/D=2.0 1.653 1.653 1.653

1
# Bssed on twvo lots
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TABLE XLI

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED STRETCHED €061-T651X EXTRUSIONS

“Wlm.ymm

l Thickness, in,.

Ratio ; 21,000 “¢500
Feu(LT)/Fyy (L) | 0.969 0.858 {

Fyy (LT)/Fyy (L) | 0.943 0.811

Fey (L)/Frg (L) | 0.988 0.988

Fey (LT)/Fyy (L) . 1.000 0.871
Fau/Fru(L) ' 0,705 0.511 i
Foru/Ftu (L) ; lg'
/b g 12807 i
Fory/Fey (L) §

o3t 175 159
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TABLE XLIV

RATIOS FOR COMPUTING DESIGN MECHANICAI. PROPERTIES
OF STRESS-RELIBVED STRETCHED 7079-T651X EXTRUSIONS

Thickness, in.

<0,249 6.299 0749

» Ratio
E Fey (LT)/Fy (L) 0.898 0.898 0.898
Fyy (LT)/Pyy (L) | 0.876 0.876 0.876
S Foy (L)/Pry (L) 0.989 0.989 0.989
| Fcy (LT)/Fey (L) 0.950 0.950 0.950
Fau/Fru(L) 0.527 0.527 0.527
2 Foru/Feu(L)
Del. 1.435 1.43 1.4
; gfn-e.g 1.813 1613 1:833
' Fory/Fey (L)
; Dl . 1.34 1.281 1.212
! gén-e.g 1:2:8 1.46H 1.390
i
|
g
i $
68




TABLE XLV

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED STRETCHED 7178-T651X EXTRUSIONS

Ratlo lo. 1.
Feyu(LT)/Fyy (L) 0.957 0.945 0.933 0.907 0.862
Fry (LT)/Fry (L) 0.G37 (.924 0.909 0.880 0.830
Fey (L)/Fyy (L) 0.981 D.981 0.961 0.981 0.981
Foy (LT)/Fyy (L) 1.026 1.016 1.005 0.982 0.941
Fsu/Ftu (L) . 0.502 0.502 0.502 0.502 0.502
Fpru/Fu (L) '

5%:3 A s TR 1R 1%
Fpry/Fty (L)
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Mhaial. adaddili

TABLE XIVIII
chnput‘:ed Design Mechanical Properties of 2024%-T851X Aluminum Alloy Extrusions

Alloy . . . . . . . e 2024
form. . . ¢« ¢ v v e e o o . Extruslions
gonaitégnti ‘ol Area’ in'2" MWLL
rogs-Sectiona , An. =
Thickness, in. . . . . . . L050-U. 2409 TU.250-1.599 I.%‘.B’U
Basis . . . . . . . e 4 e e ) ) S
Mechanical Properties:
g kai
b 64 66 66
IP. &« ¢ & v v o o o 60(*) ol (*) 63(*)
Fiyy kol 5 53 53
. . oo 55(*) 57 (*) 57(*)
F ksi
e . 572*} 59m 59{-;
m ...... L] L} . L] 57 * 59 * 59 *
Psu, kai . . . . . . .. 35(*) 36(*) 36(*)
Fbrﬁ?nﬁ?s ....... g (* 96 (# 92
e/D=2.0 . . . .. .. 1232*} 123“ 1172-;
F‘”’Z}:ﬁifs ...... ) 79 *} 82 *; 82 *;
e/D=2.0 . . . . . .. 935* 96&* 96{*
e, percent
L. .. ... 4 5 5
m 000000 » - - - - - e
E, 1066;;31 10.8 (+0.3
Ec’.l psi llco +0.3
g, 10° pai 4,1 (+0.1

NOTE: Numbers in perenthesis are diff'erences from values in
MII~-HDBK-5, November 1966

# No values shown in MIL-HDBK-5, November 1966
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TABLE LII
Computed Design Mechanical Properties of 7079-T651X Aluminum Alloy Extrusions

M.loy . - . . e @ . . . . . 7072
Form . . ¢ o ¢ o ¢ ¢ o o —Exitrusions
%mltlon L] L ] L] * * L) L] L ] L[]
Croas-3ectional Area, in.2, F
momﬂs, mn e & o & 8 @ 20.219 0-25C‘00u G. "0. 4
&‘1‘ [ ) L] * L d L] L] * [ L] € L B
Machanical Properties:
Fru, ksl
Ll]-l ® & & o ¢ s 2 & = 5 y 78
LT. * & e o ¢ . s @ 7(‘6) 9(-"') 70(-2)
Fey, ksl
S A B 68 70
LTC e » o e = o o @ 59(-6) &(-5) 1(-3)
Fcy, ksi
L.... ¢ = e o %E'lg 67 -l; 69(-1)
LT- * o e v s & o ¢ & -} 65 "2 67
Fau, kai e & & 0 P 0 o uO(-l) 41(‘1) 41(-2)
» ksl
la""“‘/n-cl.s e e e 1OBE+18 1102+183 112(+18
e/DeR,0 . ¢ o o o 136(+16 140(+17 141(+16
/Dml.5 « o« « o o - | 90(+16) 87(+12) 85(+8
G/M.O . * [ L] ] . : 103£+9) 100 +5) 97{-13
e, per cent: !
meoonny ¢ 1
E, 10661)81 10.4 1
E., 18 i ‘ 10,7 (+40.2
G, 10° psi : 4,0 (+0.1
i
1

NOTE: Numbers in parenthesis are differences from values in
MIL-HDBK-5, November 1966
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TABLE LVII
SUMMARY OF RATIOS COMPUTED IN CONTRACT FOR 7075 ALUMINUM ALLOY EXTRUSIONS
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Flg. 19 Syncnronous lcadilng Jdevice used tc stress specimens.
A stressed assembly and one assembled finger-tight
ready for stressing are snown to the 1left. Both the
stressing i{rame and the loadling uevice vwere developed
by the Alcoa Researchn labcratories, prior to this contract.
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STRESSING DIRECTION

A B A B A B A B

Fig. 75 Effect of Grain Geometry and Stressing Direction on
Reslstance to Stress-Corrosion Cracking ’

With extruded shapes of 7075-T6 alloy displaying the various
aln structures shown, the stress-corrosion resistance was
etermined in two directions: perallel (A) and perpendicular
éB) to the principal grain axis. Stress-corrosion resistance was
efined as the highest initially applied tensile stress that did
not cause stress-corrosion cracking in 84 days of exposure to
the 3.5% NaCl alternate immersicn test. The resistance to stress-
corrosion cracking was highest when the most highly oriented grain
structure was stressed parallel to the principal grain axis and
lowest when the stressing direction was perpendlicular to thes
principal grain axis This same trend is applicable to other
susceptible alloy-temper comblnecions.
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